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{573 Abstract

A method of producing active immunity sgainst a bacterial or protozeal disease in a subject comprises administering to the subject a

vaccine conjugate comprising & live bacterial or protozoa and 2 netral

factor s selected from the group consisting of antibodies and antibody fragments. The

izing factor bound to the live bacterial or protozea. The neutralizing
tive bacterial or protozoa is one capable of producing

disease in the subject, and the antibody or antibody fragment is one capable of neutralizing the live bacteria or protozea.
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METHOD OF PRODUCING ACTIVE IMMUNITY WITH YACCINE CONJUGATR

This application claims the benefit 0f U S. Provisional Application No.
60/027,084 filed September 30, 1996,

Fieid of the Invention

The present invention relates to methods of praducing active immunity
against a bacterial or protozoal disease by administering subjects 3 vaccine conjugate,
which conjugate is comprised of a live bacteria or protozos and 2 neutralizing antibody or

fragment thereof,

Backeround of the Invention

Methods of producing active immunity against a viral disease by
admimstening a vaccine conjugate, the vaccine corjugate comprised of a live virus and a
viral neutralizing antibody, are described in U.S. Patents Nos. 5,397,568 and 5,397,569 10
Whitfill et al. These references are concermed with viral diseases only.
) Methods of reating coccidiosis, a protozoan disease of both birds and
mammals caused by various Eimieria species, are described in 1.8, Patent No. 4,935,007
to Baffundo et al. and US. Patent No. 3,055,292 to McDonald et al. fn ove inoculation
against coccidiosts is deseribed in published PCT applications WO 96/40233 and
96/4(3234.

Surnmary of the Invention

The present invention provides a method of producing active immunity
agatnst a bacterial or protozoal disease in a subject, the method comprising administering
to the subject a vaccine conjugate comprised of a live bacteria or protozoa and a
neutralizing factor bound to the live bacteria or protozoa. The neutralizing factor is
selected from the group consisting of antibodies and antibody fragments. The antibody or
antibody fragment is one capable of neutralizing the live bacteria or protozoa. The
vaccine conjugate is administered in an amount effective to preduce an immune response

to the live bacteria or protozoa in the subject.
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Another aspect of the present invention is a vaccine preparation useful for
producing active inmumnity against a bacterial or protozeal disease in a subject. The
vaccing preparation is a pharmaceutically acceptable formulation which comprises a
vaceine conjugate. The vaceine conjugate comprises a ive bacteria or protozoa and a

5 neuiralizing factor bound 1o the live bacteria or protozoa. The neutralizing factor is
selected from the group consisting of antibodies and antibody fragments. The antibody or
antibody fragment is capable of neutralizing the hive bacteria or protozoa. The vaceine
conjugaie is included in the pharmaceutically acceptable formulation in an amount
effective to produce an inunune response to the live bacteria or protozoa in the subject.

10 Another aspect of the present invention is an article of manufacture
comprising a closed, pathogen-impermeable, container and a stenile vaceine formulation

as described above enclosed within the container.

Brief Descrption of Drawings

i85 Figure 1 graphs the cocyst output in avians vaccinated with a vaceine conjugate
compnsing 500 E. acervuling oocysts complexed with either 2.5, 25 or 150 ul of
polvelonal antibody, compared to a non-vaccinated com‘;oi {cntrl) and 3 control
vaccinated with oocysts but without antibody. Oocyst output is used as a measure of
infectivity.

20 Figure 2 graphs the oocyst output in avians vaccinated with a vaccine conjugate
comprising 500 £. acervuling oocysts complexed with either 25 or 150 ul of polycional
antibody, compared to a non-vaccinated control {cntrl} and a control vaccinated with
nocysts but without antibady. Oocyst output is used as a measure of infectivity.

Figure 3 graphs cocyst output afier vaccination and low-dose £, acervuling

25  challenge. Vaccination used a vaccine conjugate comprising 500 E. acervuling oocysts
complexed with sither 2.5, 25 or 150 pl of polyclonal antibody; controls were a non-
vaccinated control {cntrl} and a control vaccinated with oocysts but without antibody
{0,

Figure 4 graphs weight gain {(in grams) in birds afer vaccination and a high-

30 dose £ acervuling challenge. Vaccination used 2 vaccine conjugate comprising 500 E.

acerviling oocysts complexed with either 25 or 150 ul of polyclonal antibody; controls

were 3 non-vaccinated conirol {entrl) and a control vaccinated with cocysts but without

BUBSTITUTE SHEET (RULE 28}
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antibody {0},

Figure 5 graphs lesion scores in birds after vaccination and a high-dose E.
acervudina challenge. Vaccination used 2 vaccine conjugate comprising 500 £
acervidina oocysts complexed with either 25 or 150 ul of polyclonal antibody; contrais
were a non-vaccinated control {entrl) and a control vaccinated with socysts but without

antibody {0},

Detatled Description of the Invention

The present invention provides 2 vaccine preparation comprising a live
organism {bacteria or protozoa) complexed with neutralizing antibodies speciic o that
orgamism. The amount of complexes neutralizing antibodies is such that the organism
remains capable of inducing an active immune response, while at the same time providing
some degree of protection against the deleterions effects of the pathogen. While
apphicants do not wish o be held to any single theory, it is currently believed that the
present vaceine complex results in some form of delayed release of the pathogenic
OTZanism,

The present vaccine complex is thought to delay or initially protect the
vaccinated subject from the pathogenic effects of the vaceine organism. However, this
delay or initial protection is only temporary (in contrast to what would be expected using
& dead or inactivated vaceine organism). The vaccine organism in the complex does
ultimately infect the subject, mducing an active immunity. The degree of delay will be
dependent on the amount of antibody used, the particular vaceine organism, and the
subject to be vaccinated. Sucha delay in infection is important when vaccinating young
subjects, particularly when large numbers of subjects are 1o be vaceinated. For example,
it 15 easier and more cost-efficient to vaccinate chicks in ove compared (o vaceinating
newly hatched chicks,

In a preferred embodiment of the present invention, the neuiralizing factor
is provided i an amount which delays the appearance of pathological changes associated
with infection of the subject by the live vaccine organism. The "delay” ig comparative;
the pathological changes are delayed in companson to those which would oceur if the live
vaccine organism were administered without complexed neutralizing factor.

Use of the present vaccine conjugates are safer than the use of the
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unconjugated organism yet are capable of inducing a protective active inunune response.
The term "safe” is used herein to indicate that the benefils of vaccination outweigh any
harm in the majority of individuals vaccinated.
Antibodies used in practicing the present invention are bactenial or
5 protozoal neutralizing antibodies. Bactensl or protozoal neutralizing antibodies are those

which combat the infectivity of a bacteria or protozoa in vivo if the bacteria or protozoa

and the antibedies are allowed to react together for a sufficient time. The source of the

bacterial or protozoal neuwtralizing antibody is not critical. They may criginate fom any

animal, including birds {e.g., chicken, turkey) and mammals {¢.g., rat, rabbit, goat, horse).
10 The bactenial or protozoal neutralizing antibodies may be polyclonal or monoclonal in

origin. See, e.g., D, Yelion and M. Scharff, 68 Amernigan Scientist 510 (1980). The

antibodies may be clumeric. See, g, M, Walker et al., 26 Meolecular Immunclogy 403

(1989,

Bacterial or protozoal neutralizing antibodies used in practicing the
15 present invention may be immunoglobulins of any isotype, ncluding IgM, 1gG, IgA, 1gD,
and IgE immunoglobulins, 1gG and IgM are more preferred, and 1gG immunoglobuling
{e.g., IgGl, 1g(32, 1gG3, 1gG4) are most preferred.

Antibody fragments used m practicing the present invention are fragments

of bacterial or protozoal neuiralizing antibodies which retain the variable region binding
20 site thereof. Exermplary are F(ab"), fragments, F{ab) fragments, and Fab fragments. See
generally inmunology: Basic Processes, 95-97 (J. Bellant Ed. 2d ed. 1985).

Axntibodies or antibody fragrments used in practicing the present invention
may have additional elements joined thereto. For example, a microsphere or
microparticle may be joined to the antibody or amtibody fragment, as described in ULS.

25 Patent No. 4,493 825 to Platt, the disclosure of which is incorporated herein by reference.

The present invention is particularly advantageously employed with
hacteria or protozoa which would be pathogenic {i.¢., capable of causing discase} in the
subject being treated i not for their congugation 1o the neutralizing factor. The
pathogemcity of the bacteria or protozoa may be inherent in the bacteria or protozoa itself

30 or due to the susceptibility of the subject to be treated (e.g., birds in ovo). In general,

marnty pathogenic bacteria or protozoa have the positive effect of evoking active immunity

in subjects infected therewith, and many attenuated vaccine strains of bacieria or protozoa

SUBSTITUTE SHEET (RULE 28)
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have the capability of causing at least some disease in subjects. Hence, the term
"pathogenic," as used to deseribe bacteria or protozoa herein, means that the harm caused
w subjects by administration of the bacteria or protozoa outweighs any benefit which
would result therefrom. An "active” or "live" organism refers to one which is not killed,
A "vaccine organism” refers to one which is used for the induction of protective irnmune
response, even though negative side effects may oceur (in such cases the benefit of the
active inunumity outweighs any negative side effects). It is preferred that the bacteria or
protozoa be a live organism one capable of producing an active immune response thereto
in the subject being treated.

The vaccine conjugate is included in the vaccine formulations in an
amount per unit dose sufficient to evoke an active immune response o the bacteria or
protozoa in the subject to be treated. The term “imemnune response,” as used herein, means
any level of protection from subsequent exposure to the bacteria or protozoa which s of
some benefit in a population of subjects, whether in the form of decreased mortality,
decreased lesion scores, improved feed conversion ratios, or the reduction of any other
detrtmental effect of the disease, regardiess of whether the protection is partial or
complete.

With respect to the degree of protection provided by the neutralizing
factor, the guantity of the neutralizing factor administered in combination with the
bacteria or protozea in the vaceine need not be sufficient to provide complete protection
from the bacteria or protozos, as long as the detrimental response produced by the
bacteria or protozoa is reduced 10 3 level at which the benefits of the immune response
produced outweigh any harm resulting from the infection.

The term "subjects,” as used herein, is intended to include, among other
things, both mamrnals and birds. Exemplary mammals include mice, Tats, pigs, rabbits,
sheep, ferrets, dogs, cats, cows, horses and primates, including man. The term "bird" is
intended 1o include males or females of any avian species, but is primarily intended to
encompass poultry which are commercially raised for eggs or meat. Accordingly, the
term "bird” is particularly intended to encompass hens, cocks and drakes of chickens.
turkeys, ducks, geese, quail and pheasant.

Bacteria that may be used in carrying out the present invention include,

but are not Hmited to, Actinobaciliosis lignieresi, Actinomyces bovis, A erobacter

SUBSTITUTE SHEET (RULE 28}
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agrogenes, Anaplasma marginale, Bacillus anthracis, Borrelia anserina, Brucelia canis,
Clostridium chavvoei, C. hemolyticium C. novyi, C perfringens, C. septicum, C. tetan,
Corynebacterium equi, C. pyvogenes, C, renale, Cowdria ruminantivm, Dermatophilus
congolensis, Erysipelothrix insidiosa, Escherichia coli, Fusiformis necrophorus,
Haemobartonella canis, Hemophilus spp. H. suwis, Leptospiva spp., Moraxella bovis,
Mycoplasma spp. M. hyopneumoniae, Nanophvetus salmincola, Pastewrella anatipestifer,
P. hemolytica, P. multocida, Salmonella aborms-ovis, Shigella eguinidis, Staphylococcus
aureus, S. hyicus. 8. hyos, Streproceccus agalaciiae, 8. dysgalactiae, 5. egui, 8. uberis,
and Vibrio fesus (for the corresponding diseases, see Veterinary Pharmacelogy and
Therapeutics Sth Edition, pg 746 Table 50.2 (N. Booth and L. McDonald Eds,,
1982)(Jowa State University Press), and Corynebacierium diptheriae, Mycobacterium
bovis, M. leprae, M. suberculosis, Nocardia asseroides, Bacillus anthracis, Clostridium
botulinum, C. difficile, C. perfringens, C. tetani, Staphylococcus aurens, Streprococcus
preumoniae, S. pyogenes, Borderella pertusiss, Psudomonas aeruginos, Campylobacter
Jefuni, Brucella spp., Francisella sdarenssis, Legionella preumophila, Chinmyvdia
psistact, C. wrachomatis, Escherichia cofi, Klebsielia prewmoniae, Salmonella typhi, S.
tvphimurium, Yersinia enterocolitica, Y. pestis, Vibrio cholerae, Haemophilus influenza,
Mycoplasma preumoniae, Neiseseria gonorrhoeae, N. meninigitidis, Coxiefia burneti,
Ricketsin mooseria, R. prowazekii, R rickettsii, R. isutsugamushi, Borrelia spp.,
Leptospira interrogans, Treponema paflidum, and Listeria monocviogenes {for the
corresponding diseases see R. Stanter ot al., The Microbial World, pg. 637-38 Table 32.3
{5th Edition 1986).

Protozaa that may be used in carrying owt the present invention include,
bt are not limited to, the coccidiosis-causing Edmeria species (£ tenella, £ necatrix, £,
Brunetti, £. acervuling, E. mivati, and E. maxima), Anaplasma marginale, Giardia
species {e.g., Ulardia lamblia), Babesia specizs (e.g., B. canis, B. gibsoni, 8. equi, B.
caballi, B. bigeming, B. argenting, B. divergens, and B. bovis) Trichomonas foetus,
Entamoeba histolytica, and Balantidium coli, Plasmodium species {e.g., P. falciparum, F.
maiariae, P. vivax, and P. ovade), Leishmania species (e.g.. L. donovani, L. braziliensis,
L. tropica, and L. mexicana), Trypanosoma species e.g., T, brucei and T, cruzid),
Friamoeba histolytica, Trichomonas vaginalis, Toxoplasmaosa gondii, and Preumocystis

carinii. As used herein, an "avian protozoan” is one known to infect gvians.

SUBSTITUTE SHEET (RULE 28)
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The organisms may be administersd in any suitable form, including spores
or cysts thereof. For example, infective coccidial organisms may be administered in the
form of sporulated cocysts, sporozoites, and sporocysts.

The exact number of the organisms to be administered in the form of a

5 comjugate is not critical except that the number must be effective to engender an
immunological response by the animal. In general, depending on the organism
administered, the site and manner of administration, the age and condition of the subjest,
etc., the number of the organisms will range from i, 10, or 100 organisms up to 1,000,
10,000, 100,000 or | million organisms. Where the organisms are administered as a

10 conjugate to birds in ovo {within eggs), the dosage may be from §0, 100, or 500 up io
2,000, 10,000, 20,000, 30,000, 50,000 or 100,000 organisms or more.

Subjects may be administered vaccines of the present invention by any
suitable means. Exemplary are by oral administration, by intramuscular imection, by
subcutaneous injection, by intravenous injection, by inraperitoneal injection, by eye drop

15 or by nasal spray. When the subject to be treated is a bird, the bird may be a hatched bird,
including a newly hatched (i.¢., about the first three days after hatch), adolescent, and
adult birds. Birds may be administered the vaccine in gvo, as described in U.S. Patent
No. 4,458,630 to Sharma (the disclosure of tiis and all other patent references cited herein
is to be incorporated herein by reference),

20 The i ovo administration of the vaccine involves the administration of the

vaceine to eggs. Bggs administered the vaceine of the present invention are fertile eggs
which are preferably in the fourth quarter of incubation. Chicken eggs are treated on
about the fifteenth to ninsteenth day of meubation, and are most preferably treated on
about the eighteenth day of incubation {the eighteenth day of embryonic development).

25 Turkey eggs are preferably treated on about the wenty-first to twenty-sixth day of
incubation, and are most preferably treated on about the twenty-fifth day of incubation.

Eggs may be administered the vaceine of the invention by any means

which transports the compound through the shell. The preferred method of adminustration
is, however, by injection. The site of injection is preferably within either the region

30 defined by the amnion, including the ammniotic fivid and the embryo itself, in the volk sac,
or in the air cell. Most preferabiy, mjection is made into the region defined by the

amnion. By the beginning of the fourth quarter of incubation, the amnion is sufficiently

SUBSTITUTE SHEET (RULE 28}
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enlarged that penetration thereof is assured nearly all of the time when the mjection is
made from the center of the large end of the egg along the longitudinal axis.

The mechanism of egg injection is not critical, but it is preferred that the
method not unduly damage the tissues and organs of the embryo or the extraembryonic
membranes surrounding it so that the treatment will not decrease hatch rate. A
hypodermic syringe fitted with a needle of about 18 to 22 gauge is suitable for the
purpose. To inject into the air cell, the needle need only be mserted into the egg by about
rwo millimeters. A one inch needle, when fully inserted from the center of the large end
of the egg, will penetrate the shell, the outer and inner shell membranss enclosing the auwr
cell, and the ammon. Depending on the precise stage of development and position of the
embrya, a needle of this length will terminate either in the fluid above the chick orin the
chick itself. A pilot hole may be punched or drilled through the shell prior to insertion of
the needie to prevent damaging or dulling of the needle. If desired, the egg can be sealed
with g substantially bacteria-impermeable sealing material such as wax or the like to
prevent subsequent entry of undesirable bacteria.

It is envisioned that 2 high spesd automated egg injection sysiem for
avian embryos will be particularly suitable for practicing the present invention.
Numerous such devices are available, exemplary being those disclosed in U.S, Patent No.
4,681,063 to Hebrank and ULS. Patents Nos. 4,040,388, 4,469,047, and 4,593,646 10
Miller. Al such devices, as adapted for practicing the present mvention, COMPrise an
injector containing the vaceine described herein, with the injector positioned to inject an
egg carried by the apparatus with the vaccine. Qther features of the apparatus are
discussed above. In addition, if desired, 4 sealing apparatus operatively associated with
the injection apparatus may be provided for sealing the hole in the egg afler injection
thereod.

Preferred egg injection apparatus for practicing the present invention is
disclosed in U.S. Patents Nos. 4,681,063 and 4,903,633 1o Hebrank, the disclosures of
which are incorporated herein by reference. This device compnises an ijection apparatus
for delivering fluid substances into a plurality of eggs and suction apparatus which
simultaneously engages and lifis a plurality of individual eggs from their upwardly facing
portions and cooperates with the injection means for injecting the eggs while the ¢ggs are

engaged by the suction apparatus, The features of this apparatus may be combined with
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the features of the apparatus described above for practicing the present invention.
Preferred subjects for carrving out the present invention are birds,

The method of the present invention is preferably carried out on birds in

A vaccine conjugate of the present invention is made by mixing the
neutralizing factor with a live bacteriz or protoroa in a pharmaceutically acceptable
carrier for a time sufficient to form a live bacteria or protozoa-neutralizing factor
conjugate (for example, by combining the neutralizing factor and bacteria or profozoa in a
common liquid carrier prior to administration o & subject, unti! a conjugate is formed).
Thus can advantageously be carried out by simply adding hyperimmune sera containing
neutralizing antibodies to an aqueous solution containing the live bacteria or protozoa.
Vacemne formulations of the present invention preferably comprise the vaccine conjugate
in lyophilized form or the vaceine conjugate in a pharmaceutically acceptable carrier.
Pharmaceutically acceptable carriers are preferably liquid, partiewlarly aqueous, carriers.
For the purpose of preparing such vaccine formulations, the neutralizing factor and
bacterta or protozoa may be mixed in sodium phosphate-buffered saline (pH 7.4),
conventional media such as MEM, or bacterila growth medium. The vaceine formulation
may be stored in a sterile glass container sealed with 2 rubber stopper through which
Bguids may be injected and formulation withdrawn by syringe.

The vaccine conjugate or complex of the present invention is a complex or
conjugate of antibodies and live vaccine organisms; the bond between antibody and
vaceine organism is a releasable bond and is not a covalent bond. The amount of
neutralizing antibodies suitable for use with a given vaccine organism and a given subject
can be readily determined using techniques available in the art. Use of too little antibody
will result in undesirably carly or severs pathogenic effects caused by the vaccine
organisin; use of 1o much antibody may inactivate the vaceine organism completely or
render it incapable of inducing a protective immune response.

Vaccine formulations of the present invention may optionally contain one
or more adjuvants. Any suitable adjuvant can be used, including chemical and
polypeptide inununostimulants which enhance the immune £ysient's response {o antigens.

Preferably, adjuvants such as alumingm hydroxide, atuminum phosphate, plant and

animai oils, and the like are administered with the vaccine COnjugate in an amount
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sufficient 1o enhance the immune response of the subject o the vaccine comjugate. The
amount of adiuvant added to the vaccine conjugate will vary depending on the nature of
the adjuvant, generally ranging from about 0.1 to about 100 times the weight of the
bacteria or protoroa, preferably from about 1 to about 10 times the weight of the bacteria
OF Profozos.

The vaceine formulations of the present invention may optionally contain
one or more stabilizer. Any suitable stabilizer can be used, including carbohydrates such
as sorbitol, manitol, starch, sucrose, dextrin, or glucose; proteins such as albusun or
casein; and buffers such as alkaline metal phosphate and the like. The use of a stabilizer
is particularly advantageous when the vaccine formulation is a lyophilized fonmulation.

The present invention is explained in greater detail in the following non-

limiting Examples.

SUBSTITUTE SHEET (RULE 28)
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EXAMPLE ]
Bacterial Species

The bacterium Pastewrella muftocida causes an acute highly contagious

disease in many avian species. The disease, Fowl cholera, oflen occurs as a septicemic
5 disease resulting in high morbidity and mortality. There are several live vaceines for

Fowl cholera that can be administered to both chickens and turkeys.

A strain of 2. nusdtocida is complexed in vitro with antibodies specific to
P multocida 1o form bacterium-antibody complexes. Different ratios of bacterium to
antibody are tested to determine 2 ratio that does not completely inactivate the hacterium,

10 and still allows an active immune response o occur. These complexes are used as a
vaceine in either chickens or turkeys. The responses of the vaccinate are followed and
compared to the responses of birds vaccinated with the same dose of P mudtocida vaccine
not complexed with antibody. Lesions following vaccination, antibody response gver
time and general bird healty are monitored throughout the trial,

15 Cther bacteria are also tested in a similar manner. These bacteria include,
but ave not limited o, Mycoplasma galfisepticum in chickens or wekeys, Borderella avium
in turkeys, Salmonella species in chickens or turkeys, and Salmonella and Listeria species
in rodents,

Vaceine conjugates are administered to birds either in ove as described

20 above or after haich,

EXAMPLE 2
Protozoal Species
The protozoan Eimeria acervuling {specifically, sporocysts and/or OCYysts
25 thereof) is complexed in vitro to antibodies specific to Eimeria acerviding to form
protozoan-antibody complexes. These complexes are used as vaccines in chickens. The
responses of the protozoan-antibody complex vaccinates are followed and compared to
the responses of birds vaccinated with the same dose of £ acerviling not complexed with
antibody. Different ratios of protozoan to antibody are tested to deterimine a ratio that
30 does not completely mactivate the protozoan, and still allows an active immune response
to occur. Cocyst output in vaccinates feces, intestinal absorptive ability {assessed by

cartenoid uptake} and body weight are determined post vaceination. At 10-21 davs post
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vaceination birds in each vaccinated group are given a virulent challenge with E.
acerviding. Oocyst ouiput in vaccinaies feces, body weight gain during the challenge
pertod and intestinal absorptive ability (assessed by cartenoid upiake) are determined for
vaccinates and non-vaccinated controls.

Other Eimeria species are also tested in chickens, turkeys or rodemts, as
well as Cryprosporidium species in chickens or tukeys and Histomonas meleagridis in
chickens or turkeys.

Vaccine conjugates are administered to birds either in ovo as described

above or after hatch.

SUBSTITUTE SHEET (RULE 28)



WO 9814212 PCTAURSTY/17288

~13~

EXAMPLE
Eimeria Qoevst Ouiput Following Vaccination

Chickens were vaccinated and studied to determine the effecis of

complexing an £. acervuding oocyst vaccine with antibody,

5 Four vaccination strategies were studied. Treatment Sroups were
vaceinated (by oral gavage) with 500 £, acerviding sporulated oocysts complexed with
either 0, 2.5, 25 or 150 units of polyclonal antibody specific for £ acervading, Each
treatment was provided to three groups of five Leghorn chickens (15 birds total in each
treatment group; 60 treatment birds overall). A control group of fifteen birds (5 birds in

10 three repetitions) received no oocysts and no antibody, but were treated with oral gavage

of 0.1 mi PBS administered on the day of hatch and were subsequently challenged.

Units of antibody is defined on a volumetric basis, where ful =1 unit. An
ELISA assay has been used to determine the "tter units” of the antibody preparation used
in the present exarnple; however, this assay has not been validated. By the ELISA assay,

15 the £ acervudina antibody preparation had a titer of 90,782 units/ml. The doses used
herein provide relative comparisons; the appropriate amount of antibody 1o be complexed
with a given organism will depend on the organism, the antibody preparation, and the
wtended subject. One skilled in the art, using tecimique:ﬁ known in the art, would be able
to determine appropriate organismantibody ratios for a given usage.

{ The oocysts and antibodies were mixed together in PBS for a mininum of
one hour prior to vaccination at room temperature. Vaccine complex was then storad at
4 C until administration. Chickens were vaccinated on the day of hatch.

Gocyst output following vaccination was determined by collecting feces
on days 4 to § post vaccination, and counting oacyst in the feces. The mean and standard

23 deviation of cocyst output was determined for each group. As shown in Table 1, use of

150ul of antibodies complexed with 500 socysts significantly reduced 0OCYS! output,
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Table §
Infectivity - Oocyst Output per Bird
5
Vaceination Average Oocysts/Bird
Treatment {x 10%
Mean 0.60
Standard Deviation (.00
M 3
0 ul Abs + oogysts
{a¥
Mean 11.63
Standard Deviation 2.9
N 3
2.5 ul Abs + ococvsts
(@)
Mean 10.18
Standard Deviation 2.54
N ¥
25 ul Abs + gocvsts
{a)
Mean 10,61
Standard Deviation 428
N ¥
150 ul Abs + gogysts
by
Mean 5.40
Standard Deviation 1.94
N 3
1. ab: differed at the 0.15 level by LSD test. Significance set at the 0.20 level due to the
small sample size. Controls were not included in the statistical model.
2. N = Threg groups of five birds in each group.
10
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EXAMPLE 4
Ebimeria Gocvst Output Following Challenge

Birds in the treatment groups described in Example 1 were then
challenged on Day 13 posthatch with 250 oocysts of £, acervuling in PBS administered
by oral gavage. Feces was collected on days four to cight post-challenge, and average
oocyst oulput was delermined as a percentage of the oocyst output of the control group
{the statistical model included the control group}. Results are provided in Table 2.

Greater output of oocysts following challenge indicates less protection against the

pathogen challenge.
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Table 2 -- Protection after Chalienge
Vaccination Average Average
Treatment Cocyst Cutput Oocysts
per Bird; {% of control)’
Post-challenge
{x 10%

Control’

Al Al
Mean 23.08 100.00
Standard Deviation 1.67 7.22
N 3 3
0 ul Abs + osocysis

! o
Mean 5.20 22.54
Standard Deviation 0.72 3.13
N 3 3
2.5 ul Abs + oocysts

23 5
Mean 872 3776
Standard Deviation 245 10.60
N 3 3
25 ul Abs + oogysts

B! B
Mean 876 42.29
Standard Deviation 1.78 7.70
N 3 3
150 1l Abs + pocvysts

B! B!
Mean 10.49 4547
Standard Deviation 2.33 13,10
N 3 3

1. AB,C: differed at the .05 jevel by SNK test.

2, Control = non-vaccinated, challenged birds,

SUBSTITUTE SHEET (RULE 28)



10

W BR/14212

-] T

EXAMPLE 3

Protection Following Challenge

POTAUSSTITISS

Data provided in Table 2 was re-analyzed without imcluding the control

group data in the statistical model. Results are provided in Table 3.

Table 3
Yaccination Average Average
Treatment Cocysts Qocysts
Post-challenge {% of control)

{x10%
Controf®
Mean 23.08 100.00
Standard Deviation 1.67 7.22
N 3 3
0 ul Abs + ooovsis

B! B!
Mean 5.20 22.54
Standard Deviation .72 3.13
N 3 3
2.5 ul Abs + oocvsts

AR AR
Mean 8.72 37.76
Standard Deviation 2.45 10.60
N 3 3
25 ul Abs + cocysrs

Al Al
Mean 9.76 4229
Standard Deviation 1.78 730
N 3
150 ul Abs + cocysts

Al Al
Mean 10.49 45.47
Standard Deviation 2.33 16160
N 3 3

L AB,C: differed at the .05 level by SN test,

2. Control = non-vaccinated, challenged birds.

The results provided in Rxamples 1-3 indicate that use of 150ul antibody

in conjunction with the vaccination dose of 500 £, gcerviding o0Cysts resulied n either a
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iessening of the pathogenic effects of the vaccination {(compared {o use of same
vaceination with lesser amounts of antibody, or no antibody; indicated by decreased
oocysts output afler vaccination), or possibly a delay in the pathogenic effects of the
vaccination dose, As shown in Table 1, the use of 150u! of antibody complexed to the
vaceine pocysts resulted in a lower infectivity level than vaccination without antibodies or
the use of lesser amounts of andibodies {(p < (.15}

As shown in Table 2, birds vaceinated with antibody-oocyst vaceine had
reduced oocyst output afier challenge with 250 £, acerviding oocysts, compared to
unvaccinated birds. These results indicate that the antibody-oocyst vaccine preparation is
effective in inducing a protective immune response against the challenging pathogen.
Protection was highest in the treatment group vaccinated with socysts but without any
anttbody, with a significance level of 0,05, As shown in Table 3, among birds treated
with antibody-oocyst vaceine, the bighest protection is again seen in the group treated
with oocyst but no antthody.

The above results indicate that use of a vaccine complex of antibody and
oocyst resulted in sither a lessening of the pathogenic effects of the vaccine oocysts, or a
delay in the pathogenic effects of the vaccine cocysts, while still engendering a protective
unmune response.  Either sffect would be expected o increase the safety of a vaccine,
either by allowing administration of the vaccine to subjects who are more susceptible to
the pathogenic effects of the vaccine organism, or to subjecis at 2 younger age (such as to
avians in ovo}.

The foregoing are illustrative of the present invention, and are not to be
taken as imiting thereof. The invention is defined by the following claims, with

equivalents of the claims to be included therein.

EXAMPLE 6
Use of Antibody-Oocyst (Eimeria acervuling) Vaccine Conjugate in Low-Dose

Challenge Model
This study tested a 500 Eimeria acervuling cocyst vaceine complexed with

varying amounts of antibody (2.5 to 150ul). Treatments were compared to a non-

vaceinated control, and 2 control vaccinated without antibodies. All treatments were
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administered on the day of haich. COocyst output afier vaccination on Days 4-8 was
measured for all treatments. Cocyst oulput was also measured afier a Day 13 low dose

challenge.

Materials and Metheds: Hyvac SPF leghoms were used 10 rule out any effect
of maternal antibodies. Polycional antibody was produced from chickens immunized
with £ acervading oocysts. Two antibody preparations were combined to create an £,
acervuiing antibody with a final titer of 90,782, Treatment groups and experimental

design are shown in Table 4.

Table 4

Treatment Qocyst Dose | Antibody | # of Birds/ | & Keps Total #
{ub Rep of

| i Birds

ARG 1) 0 5 3 i5

2{AB,C) SO0 & 5 3 15

3(A.B,C) 300 2.5 § 3 I5

4¢A,B.C) 500 25 5 3 15

5{AB,C) S0 150 5 3 15

The vaceine complex was produced by mixing oocysts (LISDA #12 Lot 28-131-
36} with antibody in the appropriate volume. The complex was incubated at ambiens
temperature for one hour before administration. Birds were gavaged on Day of Haich
with a 200 pl dose of the respective treatment. Fecal material was collected form Day 4
to Day 8. Fecal samples were processed and counted using McMaster's chambers to

determine oocyst output per bird.

Birds were moved to 2 brooder unit and challenged on Day 13 post-hatch with a
fow dose challenge (250 £ acerviding pocysts). Feces was collected Days 4-8 post

challenge and enumerated as described above.
The vaccinated contro] showed = 12 x 10° cocyst output per bird, The 2.5ul and

25 pl antibody treatments showed similar resuits, however, the 150u} antibody

treatment may have had an inhibitory effect on ooCYst output, having only 46% of the
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output compared to the control. See Figure 1.
After a low dose challenge, similar results were seen in all the antibody
vaccinated treatment groups. Figure 3. The three antibody treatment groups averaged

approximately 40% output of control. The vaccinated control exhibited an output of

only 23% of control.
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EXAMPLE 7
Use of Antibody-Oocyst (Eimeria acerviling) Vaccine Conjugate in High-Dose

5 Challenge Model

Two antibody-oocyst vaccine conjugate formulations were tested in 3 high-dose
challenge model. Infectivity was measured by oocyst sutput and response to challenge
10 was measured by weight gain and lesion scores. The vaccine conjugates consisted of
SO0 E. acervuling ovcysts complexed with either 25 or 150ul of antibody (as described
in Example 6); see Table 5. The same bird strain, anitbody, and oocyst ot was used as

in Example ¢ above,

15

Table 8

Treatment # Oocyst Dose Antibody | # of Birds/ | # Reps Total #
{uh Rep Of

Birds

A B0 { ¢ 10 3 30

2{ABG) 500 ¢ 10 3 30

J(AB.C) 560 25 10 3 30

4 {A,B,Cy 500 150 10 3 30

Vaccines were prepared as described above and administered on Pray 0 post-

20 hatch in 200 pl volume. Fecal material was collected from Day 4-8 and enumerated,

Post-challenge parameters measured in the present experiment differed from
Example 6. A high dose challenge was administered to all treatment groups on Day 13
and weights of each individual bird were recorded. Afier eight days (Day 21) the birds

25 were weighed and the lesions scored.

Oocyst output was lower in this experiment for the vaccinated control, as well
as for the two antibody treatments, compared to Exampie §; the vaccinated control {no
antibody) showed a 20-fold decreass in aocyst output (see Figure 2). The cause of this

3¢ reduction is not clear.
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A high dose challenge (500 oocyst challenge) was adminstered to all the
treatment groups and weight gain and lesion scores were examined. Weight gain
results (Figure 4) did not show a difference among the treatment groups, including
vaccinated and non-vaccinated controls. Leston score data (Figare 5) indicated

protection of all vaceinated groups over the non-vaccinated control.

EXAMPLE 8

Pasieurella muliecida

Production of antiseram to £ muftocida: Ten SPF chickens were housed in a clean
room from hatch; at four weeks of age each bird received {subcutaneous injection m the
neck) 0.5 mis of Solvay's "Pabac”, a commercial inactivated P. mudtocida oil emulsion
vaccine containing serotypes 1, 3 and 4; at eight weeks of age, an additional 0.5 mis
was injected subcutaneousty into the neck and another 0.5 mis was injecied

intramuscularly in the right breast. Approximately 20 mis of blood was removed from

each bird by cardiac puncture at ten weeks of age. Antiserum was collected from the

blood, pooled, and filtered through a 45 um filter. After numerous sterility tests all
produced negative results, the antisera was placed inte different sized vials and placed

in a —20 degree C freszer uniil use.

Isolastion and titer determination of the Cu and M9 strains of P, muliocida:
The Cu and M9 strains of P. muftocida were grown from live vaccings, Choleramune
Cu and Multimune M respectively, each produced by Biomune. It was determined that
these strains of P, muliocida freeze best at —70 degrees C in a mixture of 90% culture

and 10% glycerol.

EXAMPLE S
Haichability of Eggs Inoculated at Day 18 with P, mulrecida

This experiment was designed to determine if different numbers of colony

forming units {CFUs) of P. multocida strains Cu and M9 affect the hatchability of SFF
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eggs following in ove inoculation at day 18 of incubation. Each strain of . multocida
was diluted in Phosphate Buffered Saline {PBS) to produce three dilutions: 1000 CFUs
per 0.1 ml; 100 CFUs per 0.1 mi; and 10 CFUs per 6.1 ml, Atday 18 of incubation, 0.1
mls of each dilution for each strain was inoculated into fourteen SPE eggs. Thireen
eggs were inoculated with 0.1 ml of 2 mixture of Brain Heart Infusion Broth {BHID),
PBS, and Glycerol (vehicle control) and thirteen eggs received no inoculation.

The resuits in Table 6 show that hatchability of SPF eggs was severcly

depressed in groups 2 through 7.

Tabie 6
Hatchability of SPF Eggs Following Inoculation at Day 18

with P multocida

Grovp 1 | Growp 2 | Group 3 | Group 4 Group S | Groug 6 | Group 7 | roup 8
BHI, Cu, Cu, Cu, M9, M9 M9, No
PBS 1000 100 10 CFUs | 1000 100 {0 CFUs | Inocu-
Glycer! | CFUs CFUs CFUs CFUs fation
Normal i2 3 1 i
Hatched
Un- 1 id 14 it i4 14 i3 2
Hatched
%% 92 & & 21 0 0 7 B3
Hatched

Each inoculated egg was inoculated with 0.1 mil of 2 culture/PBRS mIxture
comtaining the appropriate number of CFUs. The dilutions contaning 1 x 10{2)
CFUs/ml were titered for each strain and the titers differed somewhat from the target
numbers. Group 4 actually contained 10.5 CFUs/egg, Group 3 contained 105
CFUs/egg, and Group 2 contained 1050 CFUs/egg. Group 7 contained 12.5 CF Us/egg,
Group 6 contained 125 CFUs/egg, and Group 5 contained 1250 CFUs/egg. Group |

eggs were inoculated with 0.1 miofa BHYPBS/Glycerol mixture.

EXAMPLE 10

Colony Growth of P, muliocida after Complexing with Chicken Antisernm

One mi of chicken £. mudtocida antiserum {see Example 8) was removed from

~20 degrees C and thawed at room temmperature. The serum was senially diluted, 2-fold

2
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in PBS. One half mi of each serum dilution was mixed with (0.5 mi of P. multocida Cu
strain culture containing 100 CFUs/0.5 ml. This mixture reacted together for one hour
at room temperature. When one hour had slapsed, 0.5 ml of each serum dilution
mixture was plated on TSA plates in duplicate and the 200 CFUs/ml P mudtocida Cu
strain stock solution was plated in inplicate. The plates were incubated for 48 hours at
37 degrees C. Colonies were counted after 24 bours and 48 hours of incubation.

Results are shown in Tables 7 and 8.

Table 7
Seram 24 Hours 48 Hours
Dilution CFUs/}.5 il Avg CFUs/{ Ol #CFUs expected™ change in
of mixture CFU count/
1.0 ml of
e
1016 114+ 96 =105x2= 210 152 0o change
1:32 T2 +T5 =T35x 2= 147 152 ne change
1:64 87 + 86 = go9x2= 178 152 no change
1428 98 +71 =845x2= 169 152 un change
1:256 81 + 92 =8685x2= 173 152 no change
1512 64 + 80 =72x2= 144 £52 no change
13024 &% + 181 =82x 2= 164 152 no change
L 12048 73 +73 =T73x2= 146 152 ne change
1:4096 58 + 81 =T745x2= 149 152 no change
1:8192 60 + 61 =605x2= 21 152 no change
1:18384 2 + 61 =5315xd= 103 152 + 1 colony |
1:33768 56 + 359 =875x2= 115 152 no change ;

* This is the number of CFUs expected in | mi of nuxture, from the Table 8§ titer.,

Tabie 8
Titey of the 2 x 18(2) Stock Solution of Pomufiocida Cu Sirain

CFU/G.5 mi Average Per 1.0 ml
176

131 152x2 = 304

150

Stock solution samples in Table 8 were plated after all mixtures were prepared. The
solution did not sit for an additional hour. A mixture of 0.5 mi of this stock solution

and 0.5m1 of antiserum yields an expected 152 CFUs/mi of muxture.
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The results show a decrease in the number of bacterial CFUs from the least
dilute antiserum to the most dilute antiserum {Table 7). This may be due 1o reaction
time. The most dilute antiserum reacted longer with the live culture than the least
dilute antiserum (20-30 minutes longer). The increased time may have lead to greater
numbers of colonies dying off) Repeated vortexing of the stock solution {3-4 CFUs/ml)

nay have also contributed to the observed decrease in colony count. The next Example

investigates this trend further,

EXAMPLE 11

This experiment investigated the reaction between colonies of P. mudrocida Cu
strain and the same dilutions of the 2. mulrocida antiserum as shown in Table 6.
Instead of vortexing the "2x10(2)" stock solution of P, multocida Cu strain continually,
as in the previous experiment, the solution was gently mixed by pipetting. To form
each antibody-bacterium complex, one ml of antiserum dilution was mixed with one mi
of stock culture dilution. This mixture was allowed to react for four hours, The stock
solution was plated on TSA plates in triplicate and was found to contain 186 CFUs/mi
{Table 9). The remainder of this solution was also allowed to remain at room
temnperature for four hours.

Following the four hour reaction time, 0.5 ml of each antibody-bacterium
mixture was mixed and plated in duplicate on TSA. The 186 CFU/mi stock solution
was mixed and plated on TSA in triplicate (0.5 ml/plate). Colonies were counted at 24
hours after incubation at 37 degrees C and again after 96 hours. The results are

provided in Tables 9 and 18,
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Table &

Titer of the planned 2x10(2) CFUs/mil fnal stock solution of 2. muldrecida strain Cu

i Imimediately after After sitting at room temperatre
Adding 1 mi samples to serum for 4 hours
CFUQ.S mi Average Per I ml CFUM.S mi Average Per i ml
3%
93 g3 186 47 44.7 89
48
Table 10
Serurm 24 Hours 96 Hours
Drilution CFUS/0.8 mi Avg CFUs/1.0mi  #CFUs
sxpected®
1:18 Fi4+ 93 133 206 33 1o change
1:32 79 +73 75 152 93 no change
1:04 58 + 48 4% 98 93 no change
1128 58 +69 633 127 93 no change
1:236 52 +47 59.5 119 93 10 change
1512 72 4+ 63 67.5 138 93 ne change
1:1024 35 +63 59 118 93 no change
1:2048 55 + 62 58.5 117 a3 uo change
14056 51 453 52 104 83 no change
1:8192 28 +34 13 &4 93 no change
£:16384 20 + 26 23 46 93 no change
1:32768 24 +20 22 44 a3 no change

The data m Table 10 shows the same decreasing colony count with increasing
antiserum dilution as was seen in the previous experiment, shightly more pronounced.
There appears to be more CFUs/mi than expected in dilution mixtures 1:16 through
1:4096. Similar findings were also presented in Table 7. The colony counts found in
Table 8 suggest the CFUs die off in PBS over time in the absence of serum. This may
account for the lower than expected colony counts in dilutions 1:8192 through 132768
in both studies. The antiserum may be demonstrating some growth inhibiting
capabilities at the higher dilutions while exhibiting growth enhancement effects in the

ieast dilute mixtures. The next experiment was conducted to investigate possible
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causes of these observations.

EXAMPLE 12

The effects of £, multocida antiserum and negative serum {chicken
serum contaiming no P. multocida antibodies) on the growth of the MY strain of £
mudtocida was compared in vitro, Serum dilutions and P, muliocida culture dilutions
were prepared as in Example 11. One ml of culture contaming 139 CFUs per ml
{Table 8) was mixed with one ml of dilute serum. Three dilutions {(1:16, 1:512, and
1:32768) of negative serum were prepared and mixed with the appropriate amount of
bacterial culture. The bacterial culture/serum dilution mixtures reacted together for one
hour at reom lemperature,

The serum antibody-bacterium mixtures were plated on TSA plates (0.5 mi) in
duplicate and the negative serum bacterium mixtures were plated in triplicate following
the one hour reaction time. The P. muftocida strain M9 stock sclution was plated in
triplicate after adding 1.0 ml to all antiserum and negative serum dilutions and again
after allowing it to remain at room temperature for one hour. Colonies were counted
after incubating for 24 hours at 37 degrees C and any changes in counts were noted

after 48 hours of incubation. The results of these counts are given in Tables 11 and 12
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Table 11
Titer of the planned 2 x 1H(2) CFU/mi final stock solution of P mulfecids M9

Imnediately after After sitting at room temperature

adding 1 md samples 1o serum for § hour

CFUMQS mi Average Per i mi CFU/.S mi Average Per | ml

13 61

76 §9.3 138.6 63 64.3 128.6

G4 6o

Table 12

Serum F. multocida anuserum after 24 hes  § # CFUs Negative antiserum after 24 hours

Driution CFUs/ Avg. Per I mid § expected § CFUs/ Avg, Per t ml
0.5 ml mimi* §05ml

1:16 36434 | 33 70 &9 34+55+50 46.3 92.6

1:32 35+33 36 72 &9

{:64 40+37 38.5 7 §9

1:128 53+33 43 86 69

1:256 33435 34 &8 69

1:512 34451 42.5 85 £9 44+43+40 423 84.6

1424 36+35 35.5 71 &9

1:2048 32+37 343 oY 69

1:4Q%6 34439 315 &3 69

1:81592 34+44 39 78 69

116384 | 24425 243 49 £

1:32768 18438 28 56 69 40+39+133 373 74.6

* Number of CFUs expected in 1 mi of mixture from Table 11 titer.

There were no changes in the colony counts afier 48 hours of incubation at 37 degrees
C.

The data in Examples 18-12 show initial increases leading 10 gradual decreases
in the number of CFUs as antiserum to £, multocida became more dilute. The
combined data suggest that both strains of P, mufrocida may actually use the serum as a
growth medium. As the serum concentration decreases so does the growth of P,
mudtocide. Some of the resulis suggest that 2. muliocida dies off when diluted in PBS
and sits at room temperature for between one and four hours. This may account for the

ewer than expected CFUSs observed from the 1:8192 dilutions through 1:32768
dilutions. As the serum becomes less concentraied, the PBS concentration increases.

There was not a large difference, though, in the stock colony counts in the present
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example, before and after a one hour waiting period, yet the low counts in the higher
dilutions still existed.
The colony counts for the serum mixtures contatmng no antibodies to P
multocida, when compared to their P. multocida antibody-containing counterparts and
5 stock counts, may be showing some growth inhibition capabilities of the antiserum with

. muitocida antibodies. CFU counts in the savoples without P msdiocida antiserum
started high and decreased but not to a level lower than expected when compared to the
stock CFU counts after one hour. CFU counts were lower in two of three samples
containing anttbodies to P multocida than in the negative serum saniples without

16 P.multocida antibodies. A growth inhibiting of P multocida antiserum may be masked

by other factors present.

EXAMPLE 13
Hatchability of Eggs Injected at Day 18 of Incubation with

15 P mdrocida antiserum-£ mufiocida CFUs

This study was designed to test the effect of serum antibody-bacterium
complexes when administered in ovo to SPF eggs. The same number of CFUs (five
were targeted) of P. mubtocida strain M9 was mixed with varying amounts of P,

20 multocida antiserum and then (1.1 mi of each mixture was inoculated o fifieen SPF
eggs in each of seven groups. A 100 CFUs/ml stock solution was prepared using £,
multocida strain M culture. To insure that each egg received the same number of
CFUs, the appropriate amount of serum was mixed with the appropriate amount of the

stock solution for each group at five minute intervals. These mixtures remained at

oo
(¥,

room temperature for thirty minutes, after which time, 0.1 mi was inoculated o
fifteen eggs at day sighteen of incubation. The 100 CFUs/mi stock solution was plated
in triplicate following the preparation of the final group's muxture and again afier the
final group's mixture reacted for 30 minutes (Table 13). The plates were all incubated
at 37 degress C for 24 hours, afier which, colonies were counted. Table 14 provides

30 hatchability data for each group.
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Table 13

Titer of the planned 1 x 10{2} P. multocida Strain M9 Stock
Solution

CFi1s/0.5ml Average Per 1 mi

Pre- 30 minutes 38
28
ki8]
Post- 30 minutes 39
30 29 58
27

Z 64

[ %]
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Table 14

Hatchability effects of inoculating SFF eggs at day 18 of incubation with 1 mi of

mixtures containing antiserum to P, mufiocide and CFUs of the M9 strain of 2

multecida,
Group 1 Group 2 | Group 3 Group 4 | Group 3 Groun & Groun 7
no serum | 8.1 ul [ RETY §0.0ul 250l S0.0ul 50.0u8
+3.2CFUs | serum SeTm Serum serum serm Sermm
+3.2 +32CFUs | +32 +3.2CFUs | +32 50.0ul
CFis CrUs CFUs PBS/
2
Normai 2 i 2 4 15
Hawched
Haiched
{Bead)
Hatched i 3 3 3 5
{clinically
affected)
Un-haiched § 14 13 i i2 10 &
Y% 8,7 133 26.7 20.0 33 &3.0 100
hatched

This study was originally designed to inoculate each egg that was to receive
bacteria with 5.0 CFUs mixed with the appropriate volume of P. multocida antiserurm.
The titer information found in Tabie 13 shows that the eggs received 2 number of
CFUs closer to 3.2 than to § and that little colony loss occurred as a result of the 30
minute reaction period. The results in Table 14 show that even small numbers of CFUs
of P. multocida strain M9 are devastating to SPF eggs when administered at day
cighteen of incubation. The controls in group 7 experienced a 100% hatch. The haich
was severely affected in the other groups. Of these groups, 3 and 6 contained the next
highest percentages of total haiched birds, The eggs in group 6 were inoculated with
the highest ratio of antiserum 10 P. muftocida {50ul + 3.2 CFUs) and experienced a
60% overall hatch with a 27% normal hatch. This trend suggests that antiserum to P,
muitocida, when combined with the live bacteria, may provide some degree of
protection to a chicken embryo by either decreasing or delaying the pathogenic effects
of the bacterium.

The data in Tables 12 and 14, comparing serum with and without . mulrocida
antibodies and different amounts of serum antibodies respectively, show a possibie

inhibitory effect of serum antibodies to 2. muliocida on the growth, and perhaps the

SUBSTITUTE SHEET (RULE 28}



Lh

10

5

20

ad
]

WO 98/14252 POT/USETI7I58

“3Z =

pathogenic effects, of the organism. In Table 14 it was shown that the two highest
amounts of antibody (Groups § and 6) resulted in better hatches compared 1o the

bacterium alone {Group 13}

EXAMPLE 14
Growth of M, gallisepticum; Production of Hyperimmune Serg

A culture of the bacterium Mycoplasma gallisepticum strain F was obtained
from Morth Carelina State University, Mycoplasma Lab, College of Veterinary
Medicine. The F strain of M. galiisepticum is used in the comumercial layer industry as
a live vaccine. Forty milliliters of Frev's Media supplemented with 15% swine serum
{FMS) was inoculated with 1.33 mis of the bacterial cubture. This mixture was then
incubated for approximately 18 hours at 37 degrees C and the grown culture was mixed
80/20 with sterile glycerol for freezing at —-70degrees C. Sterility of this mixture was
tested on Trypticase Sov Agar {TSA) and no extranecus organisms grew. Titer
determination for the M. gallisepticum strain F stock culture afier 24 hours at —
T0degrees € was 5.8 x 18} CFUs/ml

Antiserum 10 M. gallisepticum strain R was purchased from the NCSU
Mycoplasma Lab. The antiserum was produced by hyperimmunizing New Zealand
White rabbits with inactivated M. gallisepticum sirain R in adjuvant. Rabbits were
immunized by intramuscular and intradermal mjections three times prior 1o blood

collection. This antiserurn is designated as MGA.

EXAMPLE 15
Growth Inhibition Effect of MGA on M. gallisepticm Straia F

This sxpeniment investigated the growth of a given amount of M. gallizepticum
strain F over time after the organism was mixed with different amounts of MGA. A
sample of MGA was iitially diluted 1:10 in phosphate buffered saline (PBS). Then,
the antiserurn was further diluted by making 10 serial 1:2 dilutions by adding 0.5 mi of
the previous dilution to 0.5 ml of PBS (dilutions 1:20 through 1:10240). One vial of M.
gaflisepticum F stock culture was thawed al room temnperature and diluted 11100, This

10{-2} stock solution contained 5.8 x 10(6) CFUs/ml. Bacterium-antibody complexes
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were prepared by adding 0.4 mi of the 5.8 x 10(6) stock solution to 0.4 il of cach of
the 11 MGA dilutions. These complexes were allowed to react at room temperature for
30 mimutes. Treatment 12 consisted of 0.4m!l PBS added to 0.4 m! of the same bacterial
stock solution.

Following the 30 minute reaction time, each of the 12 treatments was seniaily
diluted in FMS from 10(-1) through 10(-8). These tubes were incubated for 14 days
and growth was determined at 41 hours, 47.5 hours, and at 14 days. (Growth of M,
gallisepticum is detected in FMS by a color change. As bacterial growth increases the
pH of the medium decreases, causing a color change in the pH indicator phenol red. As
growth occurs the color gradually changes from a deep red to orange and evenmally to
yellow. The degree of growth can be scored based on the medium color). Results are
provided in Table 15,
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Table 15

Growth of MgV after 0.4 mi of 12 antiserum dilutions, containing between .839%ul

and 40.0 ul antiserum, were mived with 0.4mi of an MgF stock solution

5
Treat | MgF®* | 4 mi | Growth after 41 Hours Growth after 47.5 Hours MeF
ment MpF § 80 (10 [ 10 (10 |10 {10 |10 0110 10 z:fi“m"
e (1) § (-2} 143y | (o4) | -5) § (1) 1 (-2} 1 (-3} 1 (-4} 1 (-5)
1 4Buk | 4ml - - - - - - +H- - - - (-}
2 20n1 | 4mi |- O N ~ - FTETT : 16{-6)
3 W0ul | dmd e LA e |- - - |+ - N T0(-6}
.Q..
4 Sul 4l § b | e |- - - ++ |+ |+ - - 10(-7)
|+
5 I5ul | 4mi § A+ | 4 |- - . | A ] A ] - - 10{(-6)
e 4+ |+
& 125 1 dmd |+ | 4/ |~ N : ERra S I A I - 16{-6)
saf + 4 +
7 625 Ami o §+ bR | e e - S o S - - 10(-6)
ul e ++ |
8 313 Amd § o+ 1+ Ha dowfe | e F At L b+ e | e B -6
ul o SN
9 A58 | dmi | A+ AL e . - =+ ol i+ - . 15(-7)
ul -t -
1o 078 Aml o §er D T - SalE I o T - -7
pl ++ ++
1t 39 | dmd § ot v D |- - oot e - 1O{-6)
1l Ens Ens
12 Aml §oer bl 4 - - b ek - -7}
oy 4

Mgh* = MgF antiserum in .4 mli

4 ml Mgh** = 4 ml MgF 2.32x10(-6}

MgF Presence™™** = Presence of MgF through dilution tube (afier 14 days of
10 incubation)

- {no growth; deep red)
+/- {growth just beginning; Lghter red color than control tubes)
+ (light growth; light red)
15 4+ (mederate growth; deep orange}
+++ {moderate to heavy growth; light orangs)
++++ (heavy growth; vellow)

Growth was detecied in all 12 treatments by day 14 {Table 1). Growth was
20 delayed in Groups 1-4, the groups containing the highest levels of MGA. Growth in

these groups was not evident as early as in the groups with lower levels of MGA.
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These findings suggest that the higher levels of MGA had a growth inhibiting effect on

the bacterium.

EXAMPLE 16
5 Growth Inhibition Effects of MGA on M. gallisepticum

A vial of M. gallisepricum strain F stock was thawed and diluted 11100 in FMS.
This 10(-2} dilution contained approximately $x10(6) CFUs/ml. One mi of the 10-2)
stock dilution was placed into each of cight dilution tubes after being thoroughly

10 mixed. A certain amount of MGA was added to each tube {see Table 16} and the

bacterium/antiserum complexes were mixed. They were incubated at room temperature
for 15 minutes and then at 37degrees C. Growth was determined over the course of 13
days using color change in the FMS growth medium as an indicator. Results are given
in Table 16,

15
Table 16
MpF ils of Mg Growth after 27 Growth after 46 Growth after 13
5.8 < W6y CFUAL | Antiserum hours at 37°C howrs at 37°C days at 37°C
{MGA)
1.0 ml Mo serum R bt At
1.6 mi 48 no growth no growth et
1.0 mi 4 1o growth no growth it
1.0 mi i2 no growth no growth bt
1.0 mi & no growth + bt
1.0ml 3 no growth ++ bt
1.0l 1.5 no growth et et
1.0 mi Q.5 ++ At ot

+ (light growth; light red)

++ (moderate growth; deep orange)

+++ {moderate to heavy growth; light orange)
20 e+ (heavy growth; vellow)

Moderate growth of M. gallisepticum oceurred within the first 27 hours of
incubation in the tube that did not contain antiserum and growth was heavy in this tube
by 46 hours at 37 degrees C (Table 18). Bacterial growth was not detected within the

25 first 27 hours of incubation in the tubes that contained greater than or equal to 1.5uls
MGA. After 46 hours of incubation, growth was still not detected in the tubes that
contained 12, 24, and 48 pls of MGA, All tubes showed heavy growth of M,

gallisepricum after 13 days at 37 degrees C. These results show that the bacterium Was
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present in all tubes, but that higher amounts of antiserum delayed growth for longer
periods of time than did lesser amounts. The time that it took for growth to be detected

appears to be directly proportional to the amount of MGA in the bacterium-antiserum

complex.
5
EXAMPLE 17
Effect of M. gallisepticum-MGA Complexes or Hateh
10 Nine groups of eggs were inoculated at day 18 of incubation. Seven of

the groups were inoculated with one of seven different M. gallisepricum sirain F-MGA
complexes. One group was inoculated with the bacterium only and another group was
incculated with a 1:4 dilution of FMS 1n PBS.

A vial of M. gallisepticum strain F stock was thawed and diluted 1:5 and 1:101in

15 10% FMS and 90% PBS diluent. Appropriate amounts of these dilutions were used to
create the bacterium-MGA complexes. Each egg received a 0.1 ml irngection containing
the same number of M. gaflisepticum CFUs with the appropriate amount of antiserum
for a particular group, except for Group 1. The eggs in Group | received 0.1 mi of the
FMS/PBS diluent. The complexes were allowed to react together for 10 minutes before

20 insculation. The eggs were then incubated until haich.

The 1:10 dilution of the bactenial stock was titered by making 3 serial dilution
series through 10{-9) and plating the 10{-6} dilutions of two dilution series TSA and
incubating at 37°C. All tubes in all three serial dilution series showed M. gadlisepricum
growth. The titer was 8 x 10(8) CFUs/ml. Hatchability results are provided in Table

25 17
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Table 17
{ Group | MgF CEUs ! Amount of Mg #Eggs Hatched/ # Healthy Chicks/ T
Antiserum (MGA) | # Egps Injected #Eggs Injected
i ] it 13714 (93%) 12/14 {86%)
2 8.0 x 13{6) 40 10411 (91%) 8711 (73%)
3 8.0 x 10{6) 20ui 10/10 {100%: 8710 {80%)
4 8.0 x 10¢6) 0ul /11 (55%) /11 {0%)
5 8.0 x 1¥6) Sl 10/10 (100%) 2730 (20%)
& 8.0 x 1(6) 2ul /11 (55%}) /11 {(9%)
7 8.0 % 10(6) B30 TI11 (6495 G711 10%)
8 8.0 % 108} O5ul 8§11 (73%:;) 411 {0%)
9 8.0 1 10{(8) 0 8/14 (5§7%%) /14 {0%

(¥

The MGA-M gailisepricim complexes influenced the percent hatch and chick
health. The groups that experienced hatches above 90% were the groups that contained
the largest proportions of MGA to CFUs {with the exception of Group 4). The
percentage of health chicks was much higher in Groups 2 and 3 than in other ZYoUpS

10 receiving MGA-bacterium coraplexes with less antiserum in the formulation. These
findings indicate that certain MGA ‘bacterium ratios have the capability of protecting a
developing chicken embryo by delaying and/or decreasing the pathogenic effects of the

bacterium.

EXAMPLE 18
M. gallisepricum strain ¥/ Antibody Complex Vaccine

Six groups of 16 viable eggs were inoculated at day 18 of incubation. The 15

eggs m the negative conirol group { Group 6) were inoculated on day 18 with {.1ml of
20 diluent (1 part FMS in 9 parts PBS), and hatched in a large hatcher unit that contained
no other eggs.

A vial of M. gallisepticum strain F stock was thawed at room temperature and
diluted 1:5 (stock 2). The titration of stock 2 showed that it contained 7x10(7)
CFUs/ml. Stock 2 was then divided into 6.9 m aliguots and combined with 3,5,10,20

25 or 40 pl of MGA. Once mixed, the bacterinm-MGA formulations were alfowed to
incubate at room temperature for 15 mimytes. These bacterium-MGA complexes were

administered to eggs of sach group in 0.1 mi doses. Group | €885 received inoculations
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containing only bacteria. Bach group of 16 eggs was then placed in separate small
hatcher units until day of hatch., The MGA-M. gallisepticum formulations tested CFUs
are shown in Table 18.

The remaining stock 2 dilution was ttrated in three separate serial 10-fold
dilutions to 10(-9) using FMS. The 10{(-4}, 10(-5) and 10{-6} dilution tubes in each
series was plated in quadruplicate on FMS agar and incubated at 37°C {or 9 days.

On the day of hatch, Groups 1-5 were processed. Normal, healthy looking
chicks were sampled for the presence of M. gallisepriciom by swabbing the choanal cleft
with a sterile swab and inoculating tubes containing 1.8 mis of FMS. After the chicks
were processed, the sampled chicks from each group were placed in a P2 containment
room. Each group was placed in a separate brooder cage and no twe cages were in
contact.

The chicks in vehicle control Group 6 expenienced a delayed hatch and were
processed the day following the hateh of groups 1-5. Ten control birds were swabbed
for the presence of M. gallisepticum and were placed in a brooder cage in a scparate P2
containmertt room. On 21 days of age, all surviving chicks were bled and serum
collected for determination of antibodies to M. gallisepricim by serum plate

agghutination (SPA) and ELISA. Results are provided in Table 18.
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Table 18
Group 1* 2 3 4 5 [
#CFUs/egg 1453846} 3.5x10¢6) 3.8x30(8) 3.5 50(8) 3.5x1¢8) ng CFUs
MGAjegy HTY) 8l 18 28ul 46l 160k

diluent

# Normal 0 ] 0 8 12 i¢
Hatched
# Clinically
Affected ] 7 § 3 2
Haiched
Unhatched/ 7 9 8 5 2 5
Dead
% Hatched 58.25 43,75 50.0 68,75 875 68.75
%% Normal iy 0 0 30 75 62.5
Hatched
# Chicks 0 O 3 g 10 10
Placed
# Chicks
Alive at 3 NA NA i 2 7 i0
weeks
Mg¥F
Remsolation Not Tested | 3/3 373 /9 910 810
# Positive/
# Sampiled
SPA**
# Positive/ NA NA i1 /2 &/7 o1
# Sampled
Mean ELISA | NA NA 599 643 645 0
Titer

* Due 1o a calculation error, the eggs in Group | received 1.4x10{6} CFUs,
** All positive SPA reactions were scored a 3 or higher on a scale of (-4, with 4 being
the strongest reaction.

The eggs receiving the bacterium without antiserum {(Group 1) and the two
lower amounts of MGA plus M. gallisepticum (Groups 2 and 3) had the lowest percent
hatches and no normal birds hatched. The vehicle contro! group {Group 6) experienced
a delayed hatch as well as a poorer haich than expected. This probably was caused by
the fact that the eggs were incubated in a large hatcher intended for the incubation of
2060 eggs. Despite this hatch problem, 10 chicks were healthy and they tested negative
for M. gallisepticum isolation and the two serum antibody tests. Groups 4 and §
experienced percent hatehes and percent normal hatches that showed great
improvement over those of Groups 1, 2 and 3. The eggs in these two groups received
higher levels of MGA and Group 5 ( 33 IHOYCFU +40ud MGA) experienced the best

hatch of all the groups. All birds remaining alive at the time of serum collection were
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healthy. The antibody response to M. gallisepiicum measured by the SPA test and
ELISA indicate that the M. gallisepricwn strain F complex vaccines were efficacious
for birds in Groups 3, 4 and 5.

It is interesting to note that one bird in Group § was negative for M.
gallisepticum reisolation at hatch, the SPA test, and ELISA. All the other birds that
were sampled from Groups 3.4 and § tested positive in each case. It appears that one
bird 1 Group 5 never became infecied.

Exampies 14-18 were designed to test the usefulness of a
bacteria:antibody vaccine complex. The data support the concept that addition of
specific antiserum (specific for the vaccine bacteria) to live bactenia in the appropriate
ratio provides protection to the chick embryoe by decreasing or delaying the pathogenic
effects of the bacterium while at the same time allowing an efficacious immune
response to develop in the hatchlings, as evidenced by an active humeoral immune

rESpOnse.
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THAT WHICH IS CLAIMED IS:

I. A method of producing active immunity against a bacterial disease
in a subject, said method comprising:
administering to the subject a vaccine conjugate comprising a live bacteria
and a nentralizing factor bound to the live hacteria;
the neutralizing factor selected from the group consisting of
anttbodies and antibody fragments;
the antibody or antibody fragment capable of neutralizing the live
hacteria;
the vaccine conjugate administered in an amount effective to produce an

immune response (o the live bacteria in the subject.

2. A method according to Claim 1, wherein the live bacteria is

capable of causing diseasc in the subject,

3 A method according to Claim 1, wherein the neutralizing factor is
selected from the group consisting of IgG immunoglobulins and 1gG immunogiobulin

fragments.

4, A method according to Claim 1, wherein the subject is a bird and

said administering step is carried out i ovo.

5. A vaceine preparation useful for producing active immunity
against a bacterial disease in a subject, said vaccine preparation comprising:
a pharmaceutically acceptable formulation COmMPIISiNg 3 vaccine
conjugaie;
said vaceine conjugate comprising a live bacteria and a
nentralizing facior bound to said live bacteria;
said neutralizing factor selected from the group consisting of
antibodies and antibody fragments;

said antibody or antibody fragment capable of neutralizing said
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live bacteria; and
said vaccine conjugate included in said pharmaceutically acceptable
formulation in an amount effective (o produce an immune response to said live bacteria in

said subject.

5. A vaccine preparation as claimed in Claim 5, wherein said live

bacteria is capable of causing disease in said subject.

7. A vaccine preparation as claimed in Claim 3, wherein said

pharmaceutically acceptable formulation is lyophylized.

&. A method of producing active immunity against a protozoal
disease in a subject, said method comprising:
adninistening to the subject a vaccine conjugate comprising a live
protozoa and a neutralizing factor bound to the live protozoa;
the neutralizing factor selected from the group consisting of
antibodies and antibody fragments;
the antibody or antibody fragment capable of neutralizing the live
Protazoa;
the vaccine conjugate admirmustered in an amount effective to produce an

immune response to the live protozoa in the subject.

9. A method according to Claim §, wherem the hive protozoais

capable of causing disease in the subject.

i0. A method according to Claim B8, wherein the live protozoa 1s an

avian protozoa and the subject 15 a bird.

[ A method according to Claim 10, wherein the live protozoa is an

Eimeria speciss.

2. A method according to Claym 10, wherein the live protozoa is £.
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tenella or £, acervuling,
13. A method according to Claim 8, wherein the neutralizing factor is
sefecied from the group consisting of IgG immunoglobulins and IgG immunoglobulin

fragments,

4. Amethod according to Claim 8, wherein the nentralizing factor is

of polyclonal origin,

15, A method according to Claim &, wherein the neutralizing factor is

of monoclonal onigin,

i6. A method according to Claim &, wherein the subject is
administered the vaceine conjugate by a method selected from the group consisting of
subcutanecus adminstration, intraperitoneal adminsitration, and intramuscular

administration.

i7. A method according to Claim 8, wherein the subject 15 a bird and

said administering step is carriad out in ovo,

18, A vaccine preparation useful for producing active immunity
against a protozoal disease in a subject, said vaccine preparation comprising:
a pharmaceutically acceptable formulation COMPrising a vaceine
conjugate;
said vaceing conjugate comprising a live protozoa and a
neutralizing factor bound to said live protozos;
said neutralizing factor selected from the group consisting of
anttbodies and antibody fragments;
said antibody or antibody fragment capable of neutralizing said
ive protozoa; and
said vaccine conjugate included in said pharmaceutically acceptable
formulation in an amount effective to produce an immune response 1o said live protozoa

in said subject,
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19. & vaceine preparation as claimed in Claim 22, wherein said live

protozoa is capable of causing disease in said subject.

20 A vaceing preparation as clatmed in Claim 22, wherein said

pharmaceutically acceptable formulation is lyophylized.

21. A vaccine preparation as claimed i Clatm 22, wherein said live

Protozoa is an avian protozoa.

22. A vaccine preparation as claimed in Claim 22, wherein said live

protozoa is an Eimeria species.

23 A vaccine preparation as clamed in Claim 22, wherein said live

protozoa is £. jenella or K. acervulina.

24. A method of producing active immunity against a mycoplasma
in a subject, comprising:

administering to the subject a vaceine conjugate comprising a live
mycoplasma and a neutralizing factor bound to said mycoplasma, where the
neutralizing factor is selected from the group consisting of antibodies and antibody
fragments, said antibody or antibody fragment capable of neutralizing said live
mycaplasma;

the vaccine conjugate administered in an amount effective to produce an

immune response to the live mycoplasma in the subject.

25, A method according to clairn 24 wherein said mycoplasma is

Mycoplasma gallisepticum.
6. A method according to Claim 24, wherein the neutralizing factor

is selected from the group consisting of IgG immunoglobulins and IgG

immunoglobulin fragments.
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27 A method according to Claim 24, wherein the subject is a bird

and said administering step is carried out in ove.
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As aif required additional saarch fess were imely paid by the appiicant, this international Search Repart oovers all
asarchable clsims.

2. As aif searchable ciaims could be searchsed without effort justitying an additional iss, this Authonly did not invits payment
of any additional fee.
3 i As only some of the required additional ssarch fees wers timely paid by the spplicant, this Intermational Search Feport
eed povers only these claims for which fees were paid, specifically clgims Nog.:
4, N required additional search fees were imely paid by the applicant. Conseauently, this intermational Search Report is
""" resirictad to the invantion first mentioned in tha clams; it i3 sovared by claims Nos
Remark on Protest [j The additional search less were aevmnpaniad by the applicant's protest.

E 1 No protest accomparnied the payment of agditiona searsh fees,
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